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1
THERMAL-INSULATED WALL AND LINER

FIELD OF THE INVENTION

The present invention relates to thermal-insulated walls
and more particularly to a thermal-insulated wall having a
durable gas impermeable composite liner panel.

BACKGROUND OF THE INVENTION

Thermal insulated cargo vehicles, such as van-type trailers,
straight trucks (for example, trucks below Class 8 having
bodies built onto truck chassis) and cargo containers, are
known. In general, it is desirable that the bodies defining the
cargo compartments of such vehicles have wall constructions
that balance strength, rigidity and thermal performance. The
present invention recognizes this need and provides a durable
gas impermeable liner panel that reduces degradation of the
thermal-insulating properties of a cargo compartment on a
vehicle or other structure.

BRIEF SUMMARY OF THE INVENTION

The present invention recognizes and addresses consider-
ations of prior art constructions and methods and provides a
thermal insulated composite wall panel for use in refrigerated
trailers, containers and refrigerated compartments, whether a
part of a vehicle or stationary.

One embodiment of the present disclosure provides a ther-
mal insulated composite wall panel for use in insulated trail-
ers, containers and insulated compartments, including a first
liner panel, a second liner panel having a layer of fibers and at
least one structural polymer resin layer disposed coplanar to
and bonded with the layer of fibers, thereby forming a lami-
nate liner panel, and an insulated core layer disposed inter-
mediate to and bonded with the first and the second liner
panels. The layer of fibers is adjacent the insulated core layer
and is lofted prior to being bonded to the insulated core layer.

Another embodiment of the present disclosure provides a
method for forming a thermal insulated composite wall panel
for use in insulated trailers, containers and insulated compart-
ments, including providing a first liner panel, providing a
second liner panel having a layer of fibers and at least one
structural polymer resin layer disposed coplanar to and
bonded with the layer of fibers, thereby forming a laminate
liner panel, lofting the layer of non-woven fibers and bonding
an insulated core material between the first and the second
liner panels to form a thermal insulated composite wall panel,
wherein the insulated core material is bonded to the lofted
layer of fibers.

Another embodiment of the present disclosure provides a
cargo compartment pulled by a motorized vehicle, the cargo
compartment including a floor supported by a wheeled chas-
sis, a roof and a first side wall extending vertically between
the roof'and a side edge of the floor, wherein at least one of the
first side wall, the floor and the roof is formed from at least
one thermal insulated composite panel having a first liner
panel, a second liner panel having a layer of fibers, and a first
structural polymer resin layer disposed coplanar to and
bonded with the layer of fibers, and an insulated core layer
disposed intermediate to and bonded with the first and second
liner panels. The layer of fibers is adjacent the insulated core
layer and is lofted prior to being bonded to the insulated core
layer.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate one or
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2

more embodiments and, together with the description, serve
to explain the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereof, directed to one of ordinary
skill in the art, is set forth in the specification, which makes
reference to the appended drawings, in which:

FIG. 1 is a side elevation view of a prior art insulated cargo
container and chassis that may be attached to a tractor for
transport over a highway;

FIGS. 1A and 1B are respective rear and front elevation
views of the prior art container and chassis of FIG. 1;

FIG. 1C is a perspective view of a prior art trailer that may
be attached to a tractor for transport over a highway;

FIG. 2 is a sectional elevation view of a side of the prior art
trailer of FIG. 1C;

FIG. 3 isaperspective view of a prior art thermal wall panel
used to construct the thermal container of FIG. 1 and the
trailer of FIG. 1C;

FIG. 3A is a detailed view, shown in cross-section, of the
prior art thermal wall panel of FIG. 3 taken at region 3A;

FIG. 4 is a graphical representation of thermal properties of
different thermal container wall constructions;

FIG. 5 is a perspective view of a woven thermoplastic and
glass composite material used to form a thermal wall in accor-
dance with an embodiment of the present invention;

FIG. 5A is a detailed view of the thermoplastic material of
FIG. 5;

FIGS. 6A and 6B are a schematic illustration of an appa-
ratus for forming a liner panel in accordance with an embodi-
ment of the present invention;

FIG. 7 is a partial perspective view of the apparatus of
FIGS. 6A and 6B showing lofting of the liner panel’s scrim
layer by brushing;

FIGS. 8A and 8B are detailed views, shown in cross-sec-
tion, of the liner panel shown in FIGS. 6A and 6B taken at
regions 8A and 8B, respectively;

FIG. 9 is a perspective view of an embodiment of a thermal
wall using the liner panel constructed in FIG. 6;

FIG. 9A is a detailed view, shown in cross-section, of the
thermal wall of FIG. 9 taken at region 9A;

FIG. 10 is a perspective view of the thermal wall of FIG. 9,
viewing the opposite side from that shown in FIG. 9;

FIG. 11 is a partial perspective view of the apparatus of
FIGS. 6A and 6B showing the formation of the liner panel of
FIG. 10;

FIG. 12 is a schematic illustration of an apparatus for
forming a liner panel in accordance with an embodiment of
the present invention;

FIG. 13 is a perspective view of a liner panel in accordance
with an embodiment of the present invention;

FIG. 14 is an elevation view of a liner panel in accordance
with an embodiment of the present invention;

FIG. 15 is a sectional elevation view of a thermal wall in
accordance with an embodiment of the present invention;

FIG. 15A is a sectional elevation view of a side of a trailer
including the thermal wall of FIG. 15;

FIG. 16 is an elevation view of a liner panel in accordance
with an embodiment of the present invention;

FIG. 17 is a sectional elevation view of a side of a trailer
including the liner panel of FIG. 16;

FIG. 18 is an elevation view, shown in cross-section, of a
liner panel in accordance with an embodiment of the present
invention;
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FIG. 18A is an elevation view, shown in cross-section, of a
liner panel in accordance with an embodiment of the present
invention;

FIG. 19 is a perspective view of an embodiment of a ther-
mal wall using the liner panel constructed in FIG. 14; and

FIG. 19A is a detailed view, shown in cross-section, of the
thermal wall of FIG. 15.

Repeat use of reference characters in the present specifi-
cation and drawings is intended to represent same or analo-
gous features or elements of the invention.

DETAILED DESCRIPTION

Reference will now be made in detail to presently preferred
embodiments, one or more examples of which are illustrated
in the accompanying drawings. Each example is provided by
way of explanation, not limitation, of the disclosure. In fact, it
will be apparent to those skilled in the art that modifications
and variations can be made from the present disclosure with-
out departing from the scope and spirit thereof. For instance,
features illustrated or described as part of one embodiment
may be used on another embodiment to yield a still further
embodiment. Thus, it is intended that the present disclosure
covers such modifications and variations as come within the
scope of the appended claims and their equivalents.

FIGS. 1, 1A and 1B illustrate a prior art (insulated but not
refrigerated as shown) cargo container 10 having a floor 12,
two side walls 14 and 16 and a roof 18. Each side wall is
identically constructed. Two top rails 20 attach roof 18 to side
walls 14 and 16, respectively, and two bottom rails 22 connect
floor 12 to the side walls. Once assembled, the roof, floor and
side walls form a container having a generally rectangular
cross-section when viewed from the rear (FIG. 1A). The
distance between opposing inner surfaces of side walls 14 and
16 is generally greater than ninety inches, and the distance
between outer surfaces of the opposing side walls is generally
less than 110 inches.

The container includes a forward end wall 26 and a rear-
ward end frame 28. Two doors 30 at the container’s rearward
end are pivotally connected to rear end frame 28. The con-
tainer rests on a chassis formed by one or more longitudinal
beams extending between retractable legs 24 and a plurality
of axled wheels 34. The wheels support the container’s rear-
ward end, and facilitate the container’s movement, when the
container, supported by the chassis, is coupled to a tractor (not
shown).

FIG. 1C illustrates a prior art refrigerated van type trailer
11 having a floor 12, two side walls 14 and 16 and a roof 18.
Each side wall is identically constructed. Two top rails 20
attach roof 18 to side walls 14 and 16, respectively, and two
bottom rails 22 connect floor 12 and the trailer’s deck struc-
ture to the side walls. The trailer includes a forward wall 26
and a rearward end frame 28. Two doors (not shown) at the
trailer’s rearward end are pivotally connected to the rear end
frame, although it should be understood that a roll-type door
may also be used. As with container 10 (FIG. 1), the
assembled trailer defines an interior cargo compartment
defined by the assembled side walls, forward wall, rear doors,
floor and roof. The distance between opposing inner surfaces
of'side walls 14 and 16 is generally greater than ninety inches,
and the distance between outer surfaces of the opposing side
walls is generally less than 110 inches. A refrigeration unit 29
mounted in forward wall 26 outputs conditioned air to the
interior cargo compartment. The terms “side wall,” front
wall”, “floor” and “rear door” are used separately in the
present discussion for purposes of explanation, and it should
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be understood that the term “side wall,” as used herein, may
refer to any side wall, front wall or rear doors of an insulated
or other structure.

The difference between a container and trailer is that the
trailer has an integral chassis and suspension, and does not
have frames that are configured to permit the lifting and
stacking of the container, as should be understood in this art.
In other words, as should be well understood in this art, the
container is a box that is placed on and removably attached to
the longitudinal I-beam type chassis, as shown in FIG. 1. FIG.
2 provides a partial sectional view of the roof, floor and one of
the side walls of a thermal enclosure for use in forming
container 10 or trailer 11.

Referring to FIG. 2, top rail 20 connects wall 14 to roof
panel 18. Top rail 20 is formed from extruded aluminum and
defines a U-shaped channel 36 having an upper flange 38
extending outwardly over a vertical leg 40 that extends from
upper flange 38 to a lower horizontal flange 48. The terms
“inward” and “outward,” as used herein, are defined relative
to the container’s interior space indicated at 46. Moreover, the
term “roof panel,” as used herein may refer to a single con-
tinuous panel, or to a plurality of discrete panels that are
attached together, that form the roof of trailer 10. Horizontal
flange 48 extends outward from the lower edge of vertical leg
40, and a vertical leg 50 extends downward from flange 48.
Side wall 14 is received against vertical leg 50 and is secured
at 54 by screws, rivets, tapit pins, or any other suitable con-
nection method. Roof panel 18 is secured to flange 38 at 70 by
screws, rivets, tapit pins, or any other suitable connection
method. An angled bracket 52 having mounting flanges 42
and 44 extends between an inner liner 62 of roof 18 and wall
14. Bracket 52 is secured to the wall at 51 and to the roof at 56
by screws, rivets, tapit pins, or any other suitable connection
method. Once angled bracket 52 is secured in place, an insu-
lating polyurethane rigid foam core 53 is forced into the
channel formed between bracket 52 and rail 20 to insulate any
voids between the roof core 58 and the wall core 94.

Roof panel 18 includes a thermoset plastic rigid urethane
foam core 58 between upper and lower liner panels 60 and 62.
Upper liner panel 60 may be formed by an aluminum sheet
that is preferably about 0.040 inches thick, and lower layer 62
may be a thermoset fiberglass reinforced plastic sheet that is
preferably about 0.060 inches thick. The lower liner panel has
an extension 64 that extends beyond foam core 58 by about
0.50 inches, and the upper liner panel has an extension 66 that
extends beyond the core by about 2.25 inches. Extension 64
abuts bracket 52, and upper liner panel extension 66 extends
over and on rail flange 38. A cover 68 covers the edges of
flange 38 and upper liner panel extension 66. Cover 68 and
liner panel extension 66 are attached at 70 to flange 38 by
screws, rivets, tapit pins, or any other suitable connection
method. A sealant (not shown) may be placed over the rivet
and seam locations to inhibit moisture intrusion into the inner
foamed areas.

Bottom rail 22 connects side wall 14 to the floor system or
deck structure and includes a vertical leg 72 and a horizontal
leg 74. The rail may be formed from any suitable material
such as extruded aluminum. A scuff plate 78 fits over the
lower edge of wall 14, and the scuff plate bottom edge over-
laps a corrugated floor surface 88. Wall 14 is fastened to
vertical leg 72 at 76 by screws, rivets, tapit pins, or any other
suitable connection method. A plurality of transverse cross
members 82 (one of which is shown in FIG. 2) extend under
the floor and are riveted or bolted to and between the two
bottom rails 22 at 84. The transverse cross members, in con-
junction with the wheels and retractable legs form the trailer’s
chassis. The floor includes an insulating polyurethane rigid
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foam core 90 disposed between a fiberglass sub-floor 86 and
upper extruded aluminum decking 88.

Referring to FIG. 3, the outer or exterior liner of the ther-
mal compartment shown in FIGS. 1 and 1C are formed from
aplurality of skins (FIG. 1) connected at 92 by screws, rivets,
tapit pins, or other suitable connection method. FIG. 3 shows
apair of adjacent skin panels 14a and 145 that overlap at their
edges and are secured together by rivets 92. The outer skin is
fit together in this manner to form a continuous outer skin. To
construct a thermal insulated wall panel, an inner liner panel
96 is spaced apart from outer skin 98, and thermal insulating
foam is blown or poured into the channel between the outer
skin and the inner liner panel. Fitted together in this manner,
the outer skin, foam core and inner liner panel provide struc-
tural supportto the side wall between the top and bottom rails,
forming a “frameless” (or “monocoque”) construction. In a
post and panel construction, by contrast, each panel is
attached by rivets or other suitable means to vertical posts that
extend between the trailer’s top and bottom rails. A post is
disposed between each pair of adjacent panels so that both
panels attach to the post. In either a composite panel or a sheet
and post construction, the top and bottom of wall 14 are
connected to top and bottom rails 20 and 22.

Outer skin 98 may be formed from plastic, aluminum,
stainless steel or other metal alloy, and inner panel liner 96
typically is formed from a thermoset or thermoplastic glass
reinforced composite. Examples of inner liner panel materi-
als include polyester-based thermoset composites, such as
Kemlite LTR or ARMORTUF available from Kemlite Com-
pany of Joliet, Ill., and polypropylene-based thermoplastic
materials, such as BULITEX or Versutax available from US
Liner Company of Cranberry, Pa. As should be well under-
stood, “thermoset” refers to a class of polymers that, when
cured using heat, chemical or other means, change into a
substantially infusible and insoluble material. Once cured, a
thermoset material will not soften, flow, or distort appreciably
when subjected to heat and/or pressure. “Thermoplastic,” on
the other hand, refers to a class of polymers that can be
repeatedly softened by heating and hardened by cooling
through a temperature range characteristic of the particular
polymer and that in the softened state can be shaped. Whether
thermoset or thermoplastic, the glass reinforced composite of
liner panel 96 is generally known to be gas permeable with
respect to the gas blowing agents entrapped in the foamed
polymer used to form the insulating core.

Liners made from such gas permeable polymers are rela-
tively lighter than liners made from sheets of known gas
impermeable materials such as wrought aluminum or stain-
less steel. For example, a 0.020 inch thick stainless steel liner
panel weighs about 0.84 Ibs/sq.ft., and a 0.040 aluminum
liner panel weighs about 0.56 lbs/sq.ft. In contrast, the
Kemlite 0.090 inch, 25% glass material weighs about 0.51
Ibs/sq.ft., and Kemlite’s ARMORTUF 0.050 inch liner panel
weighs about 0.40 Ibs/sq.ft. Typical thermoplastic liners, such
as 0.100 inch BULITEX and a 0.050 inch BULITEX, weigh
about 0.78 lbs/sq.ft and 0.32 1bs/sq.ft., respectively. Thus,
while known thermoset and thermoplastic liner materials do
not have the gas impermeability of metals, they are generally
advantageous over metals since they are typically lighter and
resilient.

FIG. 3A shows a detailed cutaway view of a portion of side
wall panel 14a. Outer liner panel 98 is an aluminum layer
about 0.04 inches thick, and inner liner panel 96 is a glass
reinforced polymer composite material with a thickness in the
range of about 0.060-0.100 inches. Polyurethane core 94 is
preferably about 1.50 inches thick and tends to form a series
of closed cells, in each of which is embedded a low thermal
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conductivity gas 100 such as CFC 141b, HCFC 22 or HFC
245fa. Gas 100 is introduced into the core cells when the
polyurethane foam in a liquid state is poured in place and
reacts to form a rigid polyurethane insulating foam. As rep-
resented in FIG. 3A, impregnated gas 100 is distributed
throughout the solid core material and generally represents
approximately 98% of the core material, the remainder being
the polyurethane cell walls surrounding the gas. It should be
understood in this art that other thermal insulating core mate-
rials may be used to form the thermal insulated wall panels,
such as STYROFOAM (styrenic foams), PVC foams, or
fiberglass batting.

Low conductivity gas 100 improves the thermal properties
of'wall 14, but over time the thermal insulating properties of
side wall 14 degrades. Several factors influence the thermal
conductance of the polyurethane foam core, for example the
thermal conductivity of the cell gas, thermal conductivity of
the cell material, convection of the cell gas and thermal radia-
tion. For purposes of this discussion, the main cause of ther-
mal degradation in the core material results from migration
(diffusion) of the cell gas out of the core and into the atmo-
sphere (“out-gassing”), moisture (water vapor) and “air”
(mostly CO,) intrusion into the enclosed foam area, and from
UV degradation of the polyurethane foam core.

Because the cell walls and inner liner panel 96 are gas
permeable, out-gassing occurs over time as low-thermal con-
ductivity gas 100 passes through both the cell walls and the
inner liner panel, as indicated at 100q and the arrow identified
as 1005. The loss of low thermal conductivity gas 100 sig-
nificantly degrades the thermal insulation performance of the
polyurethane foam over time.

In addition to out-gassing, water vapor intrusion through
the polymer liner panel also degrades the thermal insulation
performance of the polyurethane foam. That is, the polymer
liner panel may have microscopic holes in the laminate due to
manufacturing imperfections. Thus, for example, during
pressure cleaning of the interior surface of the trailer or ther-
mal compartment, water seeps through the holes or imperfec-
tions and impregnates the polyurethane foam core. Water
absorption of one percent of the volume increases the thermal
conductivity by approximately 0.0015 W mK, thereby
increasing the thermal conductivity of the polyurethane core.

Some materials absorb UV light more readily than other
materials, for example rubber, vinyls, gelcoat fiberglass, and
many other plastics. Materials that readily absorb UV light
are quickly damaged. For example, the performance of most
thermoplastic materials depends largely on their molecular
structure. A tough, resilient material will generally exhibit a
structure in which the molecules are arranged in long, chain-
like configurations. The absorption of UV light causes the
molecular chains to break (cleave) up into shorter chains This
process, known as photodegradation, leads to bleaching (fad-
ing), discoloration, chalking, brittleness and cracking—all
indications of UV deterioration. The bond cleavages resulting
from UV absorption cause the formation of “radicals.” Each
free radical can trigger a chain of reactions (in the presence of
air), leading to more bond cleavages and destruction. These
oxidizing chain reactions require no further UV exposure,
just the presence of air. Thus, UV light causes the polymers to
break down expediting the effects of out-gassing.

Because metal is naturally a gas and moisture barrier and is
UV impermeable, out-gassing, water intrusion and UV deg-
radation does not generally occur through the metal outer skin
panel unless there are areas in the skin that have been com-
promised, such as by tears, holes or seams. Polyurethane
foam cores and the causes of thermal degradation should be
understood in this art and are therefore not discussed in detail
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herein. Further information may be found, for example, in the
Polyurethane Handbook, published by Hanser Publishers and
distributed by Macmillan Publishing Co., Inc. of New York,
NY.

FIG. 4 is a graphical representation of the thermal insula-
tion performance of various thermal wall constructions over
time. Conductivity curve 104 represents a gas impregnated
urethane core sandwiched between two gas permeable liner
panels, such as panels formed from ARMORTUF or BULI-
TEX. Conductivity curve 106 represents a gas impregnated
urethane core sandwiched between one gas permeable liner
panel and one gas impermeable liner panel, such as the prior
art wall of FIG. 3. Finally, conductivity curve 108 represents
agas impregnated urethane core sandwiched between two gas
impermeable liner panels, such as the wall construction
described herein. The graph illustrates that the majority of
thermal degradation occurs early in the useful life of the
thermal-insulated trailer, which is approximately 10 to 12
years. Curve 108 illustrates that minimal degradation, about 5
percent, in thermal insulation occurs when both liner panels
are formed from a gas impermeable material. That is, if both
the inner and outer liner panels are formed from gas imper-
meable material, a low thermal conductivity is maintained,
and little gas is leaked through joints in the inner or outer wall
surfaces. Thus, in comparing curve 108 to curve 106, an
approximately 20% greater thermal degradation occurs when
one of the liner panels is formed from a gas permeable mate-
rial, and in comparing curve 108 to 104, an approximately
35% greater thermal degradation occurs when both of the
liner panels is formed from a gas permeable material.

One suitable gas, moisture and UV impermeable wall liner
that overcomes the disadvantages of prior art thermoplastic,
thermoset, and metal liner panels may be formed by a lami-
nation process. As should be understood, a laminate is made
by bonding together two or more sheets of distinct, usually
man-made materials to obtain properties that cannot be
achieved by the component materials acting alone. In the
presently described example, the liner is formed through a
consolidation process that includes heating and compressing
multiple layers of thermoplastic and/or thermoset materials
and then cooling the resultant laminate. In this example, the
laminate has at least one gas impermeable barrier layer and at
least one layer of a structural polymer material that provides
the wall panel’s strength and rigidity. The term “structural
polymer” as used herein means a polymer that includes a
reinforcement material such as fibers, particulate material,
fillers or a polymer that exhibits increased strength and tough-
ness as a result of its molecular structure and the resulting
intermolecular attraction forces. That is, by aligning the poly-
mer molecules in a particular orientation, the molecule chains
and intermolecular attraction forces increase the strength and
toughness of the polymer without having to add a reinforcing
material to the polymer. One example of such orientation is
biaxial molecular orientation, which is well known by one
skilled in the art.

FIGS. 5 and 5A illustrates one example of a material that
may be used to form the structural polymer layer. A fabric 110
is formed from a plurality of woven rovings 112. Each roving
112 is formed from multiple substrands of commingled glass
fibers 114 and polymer resin 116. That is, each roving 112 is
comprised of two types of materials, i.e., glass fibers 114 and
thermoplastic resin 116, intermingled into a single roving so
that an even distribution of the two materials results. Other
types of fibers may be used in the structural layer include
Kevlar, carbon fiber, or natural fibers. In the preferred
embodiment, polymer resin 116 is polypropylene, and each
roving is generally long and essentially continuous. A
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polypropylene resin s a solid polymeric material that exhibits
a tendency to flow when subjected to heat and pressure,
usually has a softening or melting range, and is frequently
used to bind together reinforcement fibers such as glass fibers.
In a preferred embodiment, a first structural polymer layer is
formed by fabric 110, which is a 22 oz./yard?, 60% glass, 40%
polypropylene plain balanced weave that is approximately
0.20 inches thick prior to consolidation, e.g. manufactured by
FGI Inc. of Amsterdam, N.Y. under the name TWINTEX.
Preferably, another material 110a (FIG. 6A) that is used to
form a second structural polymer layer is a 40 oz./yard?, 70%
glass, 30% polypropylene, non-woven oriented four-ply
laminate material which is approximately 0.040 inches thick
prior to consolidation, manufactured by Polystrand, Inc. of
Montrose, Colo. under the name QUAD PLY. The fabrics
may alternatively be a non-woven material, for example a
needle mat sold under the name ASGLAWO by ASGLAWO
GmbH of Freiberg, Germany or PolyWeb C made by Wm. T.
Burnett of Phoenix, Ariz. These non-woven mats are made of
30% E-Glass and 70% polypropylene. As should be under-
stood, the added fibers are used to provide structural strength
and toughness to the laminate material.

FIGS. 6A and 6B schematically illustrate a machine 200
that consolidates a mat as shown in FIG. 5§ with various other
layers into a linear laminate panel in accordance with an
embodiment of the present invention. That is, machine 200
applies heat and pressure to a multilayer material to fuse the
thermoplastic raw materials into a relatively rigid sheet and to
achieve a desired density in the laminate. Consolidation does
not necessarily involve high temperatures or pressures, and in
one preferred embodiment, consolidation can be achieved at
a temperature between 200 to 225 degrees centigrade and a
pressure range of 150to 260 N-m per centimeter. One suitable
consolidation machine 200 is a contact heat oven manufac-
tured and sold by Schott & Meissner GmbH of Germany
under the name THERMOFIX. FIGS. 6A and 6B should be
understood to be a representative schematic example pro-
vided for illustrative purposes, however, and other consolida-
tion machines may be used to form the laminate of the present
invention.

A rack 202 of machine 200 holds multiple rolls of material
that are fed into a pair of guide rollers 204 driven by a lower
belt 206 so that the layers are carried down stream into the
machine on the lower belt. Each layer is coplanar with the
adjacent upper and/or lower layers and is generally of the
same length and width so that the resultant material has uni-
form properties throughout.

The raw materials that form the laminate are stored on large
rolls inrack 202. FIG. 6A illustrates eight materials being fed
coplanar into consolidator 200: a release film 404, a polypro-
pylene surface film 222, woven fabric material 110, an adhe-
sive film 224, a gas impermeable barrier film 226, a second
adhesive film 224a, a second woven fabric 110a and a scrim
layer 228. Each layer is approximately the same width and
length as the other layers so that the resultant composite
laminate is uniform from end to end. The consolidating
machine of FIGS. 6A and 6B can form a laminate sheet with
a width of about 115 inches, and in a preferred embodiment,
the laminate is about 96 to 100 inches wide.

In one preferred embodiment, barrier film 226 is formed
from a thin layer of 70% polypropylene, 30% polyester blend
material manufactured by Oxco of Charlotte, N.C., the mate-
rial layer being 300 g/m? and approximately 2 to 3 mils inches
thick prior to consolidation. In an alternate embodiment, the
barrier film is formed from a thin layer of polyester thermoset
material having a thin layer of metal deposited on its surface.
The metal is deposited by placing a substrate (PET film) into
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a chamber containing an atomized fog of molten aluminum
vapor. As the substrate is uncoiled and removed from the
vacuum chamber, a thin layer of aluminum is deposited onto
the substrate. A suitable barrier film is a 92 gauge MB30
metallized polyethylene terephthalate (PET) film (manufac-
tured and sold by Toray Plastics, Inc. of Front Royal, Va.),
which has an aluminum layer at a thickness of about 24 um.
Although it is known that an aluminum layer is generally
effective at providing a gas and moisture impermeable barrier
at thicknesses greater than 50 um, the 24 um aluminum layer
of'the PET film provides an effective gas (as shown in FIG. 4)
and moisture barrier. Other suitable barrier films 226 can be
formed by glass and polypropylene blend materials, with
varying percentages of each, foils and a foil bonded to a
polymer layer (such as polyester, polyamide, etc.) for rein-
forcement.

Because fabrics 110 and 110a generally will not directly
adhere to the thermoset materials or metal sides of the barrier
films of the various embodiments, adhesive films 224 and
224a, which are capable of bonding to both the thermoset
material of barrier film 226 and to the thermoplastic material
of the mats, are disposed between film 226 and mat 110 and
between film 226 and mat 110a. Suitable adhesive films
include a PAF polyester adhesive film manufactured by
GLUETEX GmbH, Klettgam, Germany, or a UAF polyure-
thane adhesive film and a PAF polyester based heat activated
adhesive film, each manufactured by Adhesive Films, Inc. of
Pine Brook, N.JI. It should also be understood that other forms
of adhesives can be used to bond barrier film 226 to mats 110
and 110a. For example, spray adhesive can be applied to the
barrier film prior to being fed into guide rollers 204. In
another example, barrier film 226 can be roll coated with
adhesive prior to being fed into guide rollers 204. Barrier film
224 may also be modified to bond directly to mats 110 and
110a.

Surface film layer 222 forms a smooth protective outer
layer to enhance cosmetic appeal and add longer life to the
laminate. A suitable surface film layer 222 is XAMAX
FLOLAM, a thermoplastic copolymer of polypropylene
laminated onto spunbond material, which is 0.75 oz./yard?,
distributed by XAMAX Industries, Inc. of Seymour, Conn. In
the preferred embodiment, surface layer 222 is approximately
4 to 6 mils thick prior to consolidation. The layers are ordered
so that scrim layer 228 contacts lower belt 206 while surface
film layer 222 contacts release film 404. In a preferred
embodiment, the release layer is a MB30 metalized PET film
manufactured by Toray Plastics, Inc. Alternatively, the
release layer may comprise a metal foil layer or a polymer
such as MELINIX polyester produced DuPont Teijin Films
U.S. Limited Partnership, 1 Discovery Drive, P.O. Box 411,
Hopewell, Va. 23860.

A scrim material, a material formed by either non-woven or
loosely woven fibers, provides a relatively rough surface that
can be used to enhance the ability to bond adjacent materials
to each other. In the present embodiment, scrim layer 228
provides a surface to which the polyurethane foam core may
readily adhere. One suitable scrim material is POLYVERA
119, which is a non-woven spunbond or pointbond material
comprising a blend of randomly oriented polypropylene and
polyester long fibers, manufactured by Oxco of Charlotte,
N.C. Another suitable scrim material is ECOVEIL® PBT,
which is a visible pattern bonded polyester distributed by
XAMAX Industries, Inc. In the preferred embodiment, scrim
layer 228 is approximately 6 to 8 mils thick prior to consoli-
dation and approximately 3.5 oz./yard®. Note, however, alter-
nate embodiments can have scrim layers composed of mate-
rials that are from 2.0 to 4.0 oz./yard®. Although non-woven
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materials are preferably used in forming scrim layer 228,
woven materials, especially ones that are loosely woven, can
be used in alternate embodiments.

It should be noted that the above described materials are
used in various embodiments but that other suitable materials
may be used. Other suitable gas impermeable barrier materi-
als include, for example, metalized polypropylene films and
metal foils, such as aluminum foil. In an embodiment
employing foils, the laminate would include adhesive layers
224 and 224a to bond mats 110 and 110a to the foil layer.
Alternate scrim materials are spunlaced polyester manufac-
tured by Precision Fabrics Group, Inc. of Greensboro, N.C.,
glass fiber material or other rough material that does not melt
or that melts at a temperature substantially higher than the
other materials.

Returning to machine 200, belt 206 faces opposite a belt
208 so that the layers of material are sandwiched between the
belts. Belts 206 and 208 are coated with a non-adherent
releasing film surface, for example stainless steel, TEFLON
or other suitable material, so that the laminate material easily
releases from the belt at the end of the machine.

Belts 206 and 208 pass the layers through a heating stage
210, a calendar stage 212 and a cooling stage 214. Heating
stage 210 includes pan type heating elements 216 that carry
heated oil to conduct heat through belts 206 and 208 and into
the input materials. The heating of mats 110 and 110a,
polypropylene surface film layer 222 and scrim layer 228
causes the thermoplastic materials to flow so that added pres-
sure by belt rollers 218 in calendar section 212 causes the
scrim layer 228 and surface film layer 222 to mechanically
bond with the polypropylene and glass fibers of the adjacent
mat layers 110a and 110, respectively. As a result, scrim layer
228 is partially embedded in the polypropylene of mat layer
1104 such that between 25% to 50% of the scrim fibers are
submerged within the polypropylene, leaving 75% to 50%
exposed. The heat also causes adhesive films 224 and 224a to
melt or activate, enabling thermoplastic materials 110 and
110a to bond to the polyester thermoset and metallized bar-
rier layer 226.

The temperature of heating stage 210 is computer con-
trolled to a level that causes the materials to flow and bond,
but not liquefy. The control of pan type heating elements
should be well understood and is, therefore, not discussed in
detail herein. “Flow” is defined as the point where a thermo-
plastic reaches a semi-liquid state. Because not all thermo-
plastic materials reach a state of flow at the same temperature,
the layered material should be heated to the highest flow
temperature of the materials. Fabric 110 requires a consoli-
dation temperature of at least 205 degrees centigrade and not
more than 250 degrees centigrade to prevent the material
from burning if the machine speed is very slow. Thus, in the
preferred embodiment, the layered material is heated to a
temperature of about 225 degrees centigrade so that all ther-
moplastic layers begin to flow, thereby allowing the layers to
properly bond. As should be understood in this art, the ideal
consolidation temperature varies depending on the machine
speed, the number of layers being consolidated and the flow
characteristics of the polymer.

Belt rollers 218 of calendar stage 212 apply sufficient
pressure to the materials so that they bond to form a generally
uniform laminate 201. The amount of pressure depends on the
temperature of the input materials and the desired thickness
of output laminate 201. In a preferred embodiment, the pres-
sure exerted on the layered material is about 20 to 22 kN.

Once the materials have been consolidated, the soft pliable
laminate 201 solidifies at cooling stage 214. The cooling
stage employs cooling pans 220 that carry water to dissipate
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heat retained in the laminate. The temperature of the cooling
water varies between 10 and 20 degrees centigrade depending
on the number of layers in the laminate and the speed of the
machine so that in a preferred embodiment, the laminate is
cooled to a temperature of about 30 degrees centigrade. At 30
degrees centigrade, the laminate panel is stable and will not
warp.

As best seen in FIG. 6B, upon existing cooling stage 214,
laminate 201 passes through a pair of opposed slitters 207 that
trim the opposed edges of the laminate panel to a desired
width (i.e. the dimension normal to the page of FIG. 6B). As
shown, consolidating machine 200 is capable of producing a
continuous sheet of laminate 201 having a uniform width of
up to 120 inches, that is preferably between 82 to 105 inches.

After being trimmed to the desired width, laminate 201
undergoes a lofting process in which the fibers of scrim layer
228 are mechanically agitated, or lofted, in order to enhance
the ability to bond laminate 201 adjacent another material,
such as a polyurethane insulated core 306. A pair of lofting
brushes 211a and 2115 are disposed opposite a plurality of
pressure rollers 209. The lofting brushes 211a and 2115 are
positioned such that they make contact with scrim layer 228
of laminate 201 whereas pressure roller 209 make contact
with surface film layer 222. As shown, each lofting brush
211a and 2115 is positioned in a space between adjacent
pressure rollers 209 rather than directly opposite a corre-
sponding pressure roller 209.

Referring additionally to FIG. 7, the height of each pres-
sure roller 209 is adjustable such that the pressure with which
lofting brushes 211a and 2115 engage the scrim layer is
adjustable. Opposite ends of each pressure roller 209 are
rotatably received by a corresponding carrier block 221. Each
carrier block 221 includes a pair of axial grooves 223 that
receives a pair of stationary opposed rails 225 such that each
carrier block is axially slidable along the respective pair of
rails. Each carrier block 221 is disposed on a first end of a lift
rod 227 whereas a second end of each lift rod 227 is connected
to a piston 231 by a horizontal plate 229. Actuation of a
corresponding pair of pistons 231 allows a user to either raise
or lower the height of both carrier blocks 221, and the asso-
ciated pressure roller 209, such that the amount of pressure
exerted on laminate 201 by the pressure roller either
decreases or increases, respectively. Correspondingly, the
amount of pressure exerted on scrim layer 228 by lofting
brushes 211a and 2115 also decreases or increases.

Referring again to FIG. 6B, in the embodiment shown, first
lofting brush 211a is rotated in the clockwise (CW) direction
such that its bristles brush the exposed fibers of scrim layer
228 in the direction in which laminate 201 is traveling,
whereas second lofting brush 2115 is rotated in the counter-
clockwise (CCW) direction such that its bristles brush the
exposed fibers of scrim layer 228 in the direction opposing the
direction of travel of laminate 201. Desirable results are
obtained in the present embodiment when the lofting brushes
are rotated at approximately 200 RPM for a speed of travel of
3 m/min for laminate 201. The lofting brushes of the present
embodiment include one inch long nylon bristles, having a
0.020 inch diameter, extending radially outward from a cylin-
drical core having a four inch outer diameter. Suitable lofting
brushes are manufactured by Finzer Roller of Indiana, Inc. of
Spencer, Ind. As discussed above, the present embodiment
includes a pair of counter-rotating lofting brushes 211a and
2115. However, alternate embodiments may include more
lofting brushes, or as few as one. Additionally, the lofting
brushes in alternate embodiments need not be counter rotated
and may be rotated at greater or lesser RPM’s dependent upon
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the materials used for the scrim layer, specifications of the
lofting brushes, desired amount of lofting of the scrim layer,
etc.

As noted above, the amount of pressure with which lofting
brushes 211a and 2115 engage scrim layer 228 is adjustable
by raising and lowering pressure rollers 209. Altering the
amount of pressure exerted by lofting brushes 211a and 2115
allows the user to adjust the amount to which the scrim layer
is lofted, i.e., lower pressure for less lofting and higher pres-
sure for more lofting. Note, however, that care should be
taken as pressure is raised so that lofting brushes 211a and
2115 do not inadvertently remove, or “strip”, the fibers of
scrim layer 228 from the surface of laminate 201. The ability
to adjust the pressure with which lofting brushes 211a and
2115 engage the scrim layer also allow for attaining the
desired amount of lofting although the material that com-
prises the scrim layer is altered (non-woven, woven, thick
fibers, thin fibers, etc.).

FIG. 8A shows a detailed cutaway view of a portion of
laminate 201, taken at region 8 A of FIG. 6B, prior to laminate
201 undergoing the lofting process. At this point in the con-
solidation process, a first portion of scrim layer 228 is par-
tially embedded in the polypropylene of mat layer 110a,
whereas a second portion of scrim layer 228 is exposed. At
this point in the consolidation process, the exposed portion of
scrim layer 228 is largely undisturbed as compared with the
surface of the scrim material selected for use prior to consoli-
dation. As noted above, in order to enhance the ability of the
scrim layer to be bonded with an adjacent material, scrim
layer 228 is subjected to a lofting process. As shown, this
means that many of the fibers of scrim layer 228 exit and
re-enter the polypropylene of mat layer 110q, thereby form-
ing “loops”. First lofting brush 211« functions to break many
of these loops so that the fibers previously forming the loops
can be “stood up” by the counter-rotating second lofting
brush 21154. FIG. 8B shows a detailed view of a portion of
laminate 201, taken at region 8B of FIG. 8, subsequent to
laminate undergoing the lofting process. In short, lofting
brushes 211a and 2115 mechanically agitate, or loft, the
exposed fibers of scrim layer 228, thereby causing the fibers
to extend outwardly from the laminate and provide an
enhanced roughened surface for bonding. In alternate
embodiments, high pressure air (i.e. air jets, air knives, etc.),
comb-like devices, stationary brushes, etc., may also be used
to loft the fibers of the scrim layer.

Consolidating machine 200 is able to form a continuous
sheet of varying width and length of composite material that
can then be rolled for storage. In the preferred embodiment,
the laminate is formed in sheets about 102 inches wide and cut
to length, preferably 500 feet long, by shears 215 prior to
being received on run-out table 217. The laminate may then
be cut into desired sizes for gas impermeable liner panels to
be used in the walls of refrigerated trailers, insulated contain-
ers, truck bodies or other thermally insulated structures,
which may or may not be used in conjunction with vehicles,
such as refrigerators, portable coolers, thermal-insulated
buildings and walk-in-coolers.

FIG. 9, for example, illustrates a wall panel 300 with a core
and outer liner panel as in the panel shown in FIG. 3 but with
aninner liner panel 304 that is a section cut from laminate 201
so that the gas-impregnated core is sandwiched between two
gas, moisture and UV-impermeable liner panels. Referring to
FIG. 9A, outer liner 302 is a gas, moisture and UV imperme-
able material such as aluminum, steel or other metallic mate-
rial. Insulated core 306 is formed from gas impregnated rigid
foamed polyurethane similar to that shown in FIG. 3A. Inner
liner panel 304 is formed by the consolidation process
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described above and includes a lofted scrim layer 228, a glass
reinforced layer 110a, a barrier layer 226, a second glass
reinforced layer 110 and a polypropylene surface film layer
222. Barrier layer 226 provides a gas, moisture and UV
impermeable layer that eliminates out-gassing of the low
thermal conductivity cell gas. The metallized film as
described above also establishes a UV light and moisture
barrier that inhibits degradation of the wall panel’s insulating
properties. The glass fiber reinforced layers 110 and 110a
provide desired structural characteristics at a lighter weight
than a solid metal liner. For example, in a preferred embodi-
ment, composite laminate 201 has a thickness of about 0.070
inches and weighs about 0.30 lbs/sq.ft. compared to a 0.040
inch aluminum liner panel that weighs 0.56 Ibs/sq.ft. The
lofted scrim layer 228 provides an enhanced roughened sur-
face at which to bond liner panel 304 to urethane core 306,
and surface film layer 222 provides a smooth surface at the
cargo area’s interior.

Laminate 201 is flexible so that it maybe rolled for storage
and shipment. Flexibility is not required, however, particu-
larly where a thermoset material is used as the foundation
layer. Where a flexible or non-flexible foundation material is
used, the liner panel exhibits strength and stiftness within the
plane of the liner panel itself. Stiffness is the ability to with-
stand a load without deforming, whereas strength is the abil-
ity to withstand the force of the load without breaking. By
being stiff and strong within the plane of the material, the liner
panel may contribute structural stability to a wall panel of a
cargo vehicle or other structure in which a gas or vapor
impermeable barrier is desired. Thus, for example, laminate
201 maybe used in a wall structure as shown in FIG. 9 in the
side walls, front wall and roof of a frameless trailer as
described above. A typical wall panel may need to withstand
in-plane stresses within a range of 0.00 to 30,000 Ibs/inch® of
liner material from blows resulting from the loading and
unloading of cargo.

Preferably, as in the case of laminate 201, the liner is
“tough” and “resilient” in the direction normal to the liners
plane. That is, it is strong, deformable and exhibits elasticity
in a direction normal to the liner’s face so that the liner is
capable of regaining its original shape or position after
deforming by a blow normal to the liner’s surface, for
example as received from a lift truck, hand trucks, or falling
cargo during loading or unloading of a trailer or cargo con-
tainer. Thus, the liner panel should not be brittle.

As should be understood in this art, toughness is a charac-
teristic of the material, whereas stiffness and strength are
characteristics of the material and it geometry. Thus, because
of liner panels planar geometry and its material characteris-
tics, laminate 201 exhibits in-plane strength and stiffness and
transverse toughness. More specifically, the reinforcing
material embedded in structural layers 110 and 110q of lami-
nate 201 provides strength characteristics in both the in-plane
and transverse directions, while the layered polymer compo-
sition provides transverse resiliency. The degree of desired
in-plane stiffness and strength, and transverse flexibility, of a
particular liner panel will depend upon how a particular liner
panel such as laminate 201 is used.

Still referring to FIG. 9, it should be understood that while
outer liner panel 302 and inner liner panel 304 are gas imper-
meable, out-gassing may still occur from areas where the
integrity of the inner and outer liner panels have been com-
promised. For example, out-gassing may occur at rivet holes
and seams where the wall panels are connected to adjacent
wall panels or posts and/or at the top and bottom rails and at
edges of the side wall or roof panels where the core is
exposed. Thus, while the material forming the barrier layer is
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gas impermeable, the resulting liner panel and wall panel may
be described as “substantially gas impermeable” due to pen-
etration of the liner panel during construction of the trailer,
container or other structure and/or to the construction of the
particular panel. That is, as shown in FIG. 4, while curve 108
shows a substantial decrease in thermal degradation com-
pared to wall constructions for curves 104 and 106, there is
still some degradation in a wall constructed with two gas-
impermeable liner panels. However, for practical purposes,
the degradation is minimal, and the overall efficiency of the
side walls, front wall and/or roof is substantially improved.
Thus, as used herein with respect to a liner panel or barrier
layer, the terms “substantially gas impermeable” mean that
the panel or layer acts as a barrier to the transfer of a gas from
one side of the panel to the other side. In an embodiment of the
invention, a barrier or liner is substantially gas impermeable
when the transfer of low conductivity gas at atmospheric
conditions across the barrier or layer results in a thermal
degradation curve approximate that of curve 108.

Referring again to FIGS. 1A through 1C, the side walls,
front wall and roof of a cargo compartment as shown in the
figures may be formed using wall panels that include laminate
201. For purposes of this discussion, the term “cargo com-
partment” refers to the cargo area of a container, trailer or
body of a straight truck for use with a wheeled chassis. For
example, wall panels 14a and 145 shown in FIG. 3 may be
manufactured to include the gas-impermeable liner panel as
shown in FIG. 9. Therefore, multiple panels can be connected
to form the side walls, front wall and/or roof of the container
ortrailer shown in FIG. 1. Additionally, the walls or roof may
be formed from a single continuous panel that contains few or
no seams, thereby reducing the number of areas that may
cause out-gassing. Moreover, in addition to using composite
laminate 201 as the inner surface of a wall or roof panel,
composite laminate 201 can also be used as the outer liner
panel for a wall, roof or floor panel to further reduce the
overall weight of the container or trailer. The terms “wall
panel” and “roof” are used separately in the present discus-
sion for purposes of explanation, and it should be understood
that the term “wall panel,” as used herein, may refer to any
side, top or bottom wall of an insulated or other structure in
which a gas and/or vapor barrier is desired.

Whether composite laminate 201 is used as the inner and/
or outer liner panels for a wall or roof panel, the laminate’s
surface layer forms an exposed surface of the overall struc-
ture. Thus, for aesthetic reasons, surface film layer 222 pref-
erably forms a smooth, easily cleanable surface. However,
although most of the outer surface 310 is smooth and uniform,
consolidating machine 200 can form a repeating surface
blemish 312 on the outer surface 310 of inner liner panel 304,
as shown in FIG. 10, formed by a seam 314 in belts 206 and
208, as shown in FIG. 11, if a release film 404 is not used
when forming laminate 201. That is, as belts 206 and 208
move the layered material through consolidator 200, belt
splices 314 and 314a contact the outer and inner surface of the
laminate and imprint blemish 312 at a regular frequency.
Thus, the outer surface of inner liner panel 304, as well as the
inner surface, contains a repeating seam imprint. One method
of eliminating the blemish is to trim and throw away that
portion of the composite laminate. Note, however, release
film 404 is sufficient to protect the surface layer from the belt
seen in that it prevents contact between the two.

In an alternate embodiment of the consolidating system
shown in FIG. 12, however, consolidating machine 200 is
shown along with a modified material rack 402 that holds 15
rolls of input material. Similar to the consolidation process
described above, a first multilayer group 400 of material
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includes a surface film layer 222, a glass reinforced polypro-
pylene layer 110, an adhesive layer 224, a barrier layer 226, a
second adhesive layer 224a, a second glass reinforced
polypropylene layer 1104 and a scrim layer 228. The layers
are ordered so that scrim layer 228 contacts lower belt 206
while surface film layer 222 contacts a release film 404 also
held on rack 402. A second multilayer group 410 includes a
surface layer 412, a glass reinforced polypropylene layer 414,
an adhesive layer 416, a barrier layer 418, a second adhesive
layer 416a, a second glass reinforced polypropylene layer
414a and a scrim layer 420. The layers are ordered so that
scrim layer 420 contacts upper belt 208 while surface layer
412 contacts release film 404. That is, release film 404 is
sandwiched between first multilayer group 400 and second
multilayer group 410 as they pass through consolidator 200.
Consequently, belts 206 and 208, and their respective belt
seams, never contact respective surface film layers 222 and
412. As aresult, the consolidation machine does not impart a
blemish on the surface 310 of liner panel 304 that is exposed
to the interior of the finished insulated structure, and output
production is doubled. Moreover, as laminates 201 and 201a
exitthe consolidation process, release film 404 may be wound
onto a roller so that it can be stored and reused in a later
consolidation. In a preferred embodiment, the release layer is
a MB30 metallized PET film manufactured by Toray Plastics,
Inc. Alternatively, the release film may comprise a metal foil
layer or a polymer such as MELINIX polyester produced
DuPont Teijin Films U.S. Limited Partnership, 1 Discovery
Drive, P.O. Box 411, Hopewell, Va. 23860.

Similarly to the first embodiment described with regard to
FIGS. 6 A and 6B, laminates 201 and 201a undergo a lofting
process in which the fibers of scrim layers 228 and 420,
respectively, are lofted. The process is the same as that pre-
viously discussed and, as such, is not repeated here.

It should also be understood that while a first and second
material group is discussed above, a third material group may
be added in a still further embodiment so that the belt seams
do not imprint on any of the surface layers, while output
production is tripled. That is, a release film is placed interme-
diate each multilayered group, and the materials are ordered,
so that the belt seams do not contact the surface layers. Of
course, there is a limit to the number of layers that can be
consolidated during a given pass. For instance, the THER-
MOFIX® contact heat oven used in the above-described
embodiment allows up to a 0.3 inch thick laminate(s) to be
formed. However, other consolidation machines exist that
allow for a greater number of layers that result in a thicker
laminate.

It should also be understood that various layers may be
eliminated from the consolidation process depending on the
application of the laminate. For example, fabric layer 110a
(FIG. 6A) may be eliminated to reduce the number of layers
forming laminate 201, although adhesive layer 2244 may be
retained to adhere the scrim layer to the barrier layer. At a
minimum, in addition to the barrier layer, the laminate
requires at least one structural layer and one adhesive layer,
which may be included as an integral part of or on the barrier
layer.

Besides eliminating an entire layer, portions of a layer can
be eliminated or added. Referring to FIG. 13, for example,
one-half of mat 110¢ is eliminated from the top half of the
panel to lighten the weight of the overall wall panel structure
while providing strength and rigidity at the lower half of the
resultant wall panel. A shim layer 602 can be placed on top of
layer 222 to cover the area where mat 110a was removed so
that proper consolidation can be achieved. That is, shim 602
fills the void in the layered material so that the layered group
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has a uniform thickness as it is fed into machine 200. More-
over, as shown in FIG. 14, two laminate sheets can be formed
by the process described in FIG. 12 when one-half of mat 110
and mat 414 is eliminated. In doing so, the layers are oriented
so that a shim layer is not necessary. That is, one group of
material is positioned so that halflayer 110 is orientated to the
opposite side of half layer 414 so that each half layer acts as
a shim for the other group of material. Once consolidated, the
two laminates separate due to release film 404 and each has a
portion of laminate having a thicker cross-sectional area at the
bottom of the resultant laminate.

Referring again to FIG. 2, scuff plate 78 prevents damage
to the lower portion of the wall when cargo is loaded into or
removed from the trailer. If provided, the protective scuff
plate generally protrudes into an otherwise useable storage
area within the trailer. Thus, a scuff plate formed integral to
the laminate inner liner panel provides the needed strength
and rigidity to the wall while increasing useable storage area
in the trailer. As shown in FIG. 15, an integral scuff plate may
be formed by providing multiple layers of mat 110 at the
lower one to two feet of the laminate. For example, during the
consolidation process, multiple layers of mat 110a or 110
placed at the bottom edge portion of laminate 201 increases
the thickness of the liner panel where it is most susceptible to
impact. That is, multiple layers of mat 110 are placed proxi-
mate the lower portion of laminate 201 so that a thickened
laminate portion forms an integral scuff plate 78, which pro-
trudes into interior 46 of the trailer. A shim layer, as described
in FIGS. 13 through 15 is used during the consolidation
process to fill voids created by the partial layers. As shown in
FIG. 15A, the laminate having an integral scuff plate can also
be used to form a thermal insulated wall in a trailer or con-
tainer.

In an alternative embodiment, where cargo space is an
issue, multiple layers of 110a are used proximate the lower
portion of laminate 201 so that the thickened scuff plate
extends into the core and the outer surface of the liner panel is
linear from top to bottom. In addition to placing extra glass
reinforced polymer material at the bottom portion of the
laminate, additional layers can also be added to the top por-
tion of the laminate to provide added strength and stability at
attachment points. As shown in FIG. 16, an additional layer of
mat 110a at the upper and lower one-third of the structure
provides additional strength and rigidity at critical areas of the
wall panel, such as where they connect to the upper and lower
rails. A shim 602 is placed intermediate the extra layers so that
the layered material has a uniform thickness as it is fed into
machine 200. As shown in FIG. 17, a liner panel with rein-
forced upper and lower portions can be used in a wall struc-
ture for a trailer and container. Besides reinforcing the upper
and lower edges of the laminate, a reinforcing layer may also
be located approximate the middle of the laminate to allow for
structural attachments such as a logistic track or partition
walls.

The majority of the above discussion of adding a gas and
moisture barrier layer to a laminate panel is directed to panels
formed by heating and pressing multiple layers of thermo-
plastic and thermoset materials together. However, gas and
moisture barrier layers may also be added to thermoset liner
panel constructions. Referring to FIG. 18], for example, a
glass reinforced thermoset liner panel 500 may be formed in
any height and length. First, a glass reinforced thermoset
layer 501 is formed using well known methods in the art, such
as by pouring a thermoset material onto a moving belt and
scattering glass fibers throughout the material. Next, a layer
of aluminum or other metal 502 is bonded to an outer surface
of glass reinforced thermoset layer 501 by spraying, sputter-
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ing or adhesively bonding the metal to the surface. This may
be accomplished during the curing process or after the ther-
moset material has cured. For example, as shown in FIG. 18,
liquid aluminum 503 is sprayed onto one side of thermoset
layer 501 by a sprayer 505 to form a uniform metallized layer
502. If, instead, a barrier film is used, a spray adhesive can be
applied intermediate the barrier layer and thermoset layer to
bond the barrier layer to the surface of thermoset layer 501.
Suitable adhesives for bonding the barrier layer to the ther-
moset include acrylic and urethane liquid adhesives. After
depositing the barrier layer, a second thermoset layer 504
(FIG. 18) can be poured over the barrier layer to sandwich the
barrier layer within the thermoset composite panel. An addi-
tional adhesive layer may be necessary to bond the thermoset
layer to the barrier layer. Other layers can be added to the
thermoset composite, such as a scrim layer and a surface
layer.

In yet another embodiment, the second layer 504 can be
eliminated so that the barrier layer forms an outer surface of
the glass reinforced thermoset liner panel, as shown in FIG.
18A. A scrim layer 228 (one of which is shown in FIG. 19A)
can be bonded to the exposed surface of the barrier layer to
provide a bonding surface for a polyurethane core 306. In
addition to scrim layer 228, a surface layer 222 can be added
to provide a desired texture to the outward facing surface of
liner panel 500. For example, in the preferred embodiment,
surface layer 222 is a TEDLAR film layer manufactured by
DuPont of Buffalo N.Y.

In yet another embodiment, a thermoset composite panel
can be formed by first forming two thermoset layers and
adhesively bonding the two layers to opposite sides of a
metallized barrier layer. For example, two ARMORTUF pan-
els canbe adhesively bonded to a metal or foil barrier layer. As
should be understood in the art, other methods exist for form-
ing a thermoset layer and are within the scope of the present
invention.

FIG. 19, illustrates a wall panel 300 with a core and outer
liner panel as in the panel shown in FIG. 7, but with an inner
liner panel 506 that is a section cut from laminate 500. Refer-
ring to FIG. 19A, outer liner 302 is a gas impermeable mate-
rial such as aluminum, steel or other metallic or gas imper-
meable material. Insulated core 306 is formed from gas
impregnated rigid polyurethane foam similar to that shown in
FIG. 9A. Inner liner panel 506 is formed by providing a
barrier layer 502 intermediate a first and second thermoset
layer 501 and 504, respectively. The metallized barrier layer
also establishes a light and moisture barrier that inhibits deg-
radation of the wall panel’s insulating properties. The glass
reinforced thermoset layers provide desired structural char-
acteristics at a lighter weight than a solid metal liner. For
example, in a preferred embodiment, composite 304 has a
thickness of about 0.055 to 0.075 inches and weighs about
0.40-0.50 Ibs/foot® compared to a 0.040 inch aluminum liner
panel that weighs 0.56 lbs/foot®. As with the wall panel
described in FIGS. 9 and 9A, the wall panel of FIGS. 19 and
19 can also be used to form the thermal insulated cargo trailer
of FIG. 1A, van type trailer of FIG. 1C or other thermal
insulated enclosure.

While one or more preferred embodiments of the invention
have been described above, it should be understood that any
and all equivalent realizations of the present invention are
included within the scope and spirit thereof. The embodi-
ments depicted are presented by way of example only and are
not intended as limitations upon the present invention. Thus,
it should be understood by those of ordinary skill in this art
that the present invention is not limited to these embodiments
since modifications can be made. Therefore it is contemplated
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that any and all such embodiments are included in the present
invention as may fall within the literal and equivalent scope of
the appended claims.

What we claim:

1. A method for forming a thermal insulated composite
wall panel for use in insulated trailers, containers and insu-
lated compartments comprising:

a. providing a first liner panel;

b. providing a second liner panel having,

a layer of fibers, and

at least one structural polymer resin layer disposed
coplanar to and bonded with the layer of fibers at an
interface between the layer of fibers and the at least
one structural polymer resin layer, thereby forming a
laminate liner panel;

c. lofting the layer of fibers at the interface; and

d. bonding an insulated core material between the first and

the second liner panels to form a thermal insulated com-
posite wall panel, wherein the insulated core material is
bonded to the lofted layer of fibers.

2. The method for forming a thermal insulated composite
wall panel of claim 1, wherein the layer of fibers further
comprises a layer of non-woven fibers.

3. The method for forming a thermal insulated composite
wall panel of claim 2, wherein the step of lofting the layer of
non-woven fibers further comprises contacting an exposed
first portion of the layer of non-woven fibers with at least one
rotating brush.

4. The method for forming a thermal insulated composite
wall panel of claim 3, further comprising contacting the first
exposed portion of the layer of non-woven fibers with a first
rotating brush and a second rotating brush, wherein the first
and second rotating brushes rotate in opposing directions.

5. A method for forming a thermal insulated composite
wall panel for use in insulated trailers, containers and insu-
lated compartments comprising:

a. providing a first r panel;

b. providing a second liner panel having,

a layer of fibers, and

at least one structural polymer resin layer disposed
coplanar to and bonded with the layer of fibers,
thereby forming a laminate liner panel;

c. lofting the layer of fibers; and

d. bonding an insulated core material between the first and

the second liner panels to form a thermal insulated com-

posite wall panel,

wherein the insulated core material is bonded to the
lofted layer of fibers,

wherein the layer of fibers further comprises a layer of
non-woven fibers, and

wherein the step of lofting the layer of non-woven fibers
further comprises directing high pressure air at an
exposed first portion of the layer of non-woven fibers.

6. The method for forming a thermal insulated composite
wall panel of claim 1, wherein the first and the second liner
panels are substantially gas impermeable.

7. The method for forming a thermal insulated composite
wall panel of claim 6, further comprising spacing the first and
the second substantially gas impermeable first and second
liner panels apart from each other to form a channel therebe-
tween and inserting a thermoset core into the channel.

8. The method for forming a thermal insulated composite
wall panel of claim 7, wherein the thermoset core is a gas
impregnated polyurethane foam.

9. The method for forming a thermal insulated composite
wall panel of claim 8, wherein the step of inserting includes
blowing the polyurethane foam into the channel.
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10. The method for forming a thermal insulated composite
wall panel of claim 8, wherein the step of inserting includes
pouring the polyurethane foam into the channel.

11. The method for forming a thermal insulated composite
wall panel of claim 1, wherein the step of providing a second
liner panel further comprises providing at least one gas imper-
meable barrier layer which is bonded to the at least one
structural polymer resin layer.

12. The method for forming a thermal insulated composite
wall panel of claim 11, wherein the at least one gas imperme-
able barrier layer is a metallized polypropylene film.

13. The method for forming a thermal insulated composite
wall panel of claim 1, wherein the first liner panel is formed
from a same laminate as the second liner panel.

14. The method for forming a thermal insulated composite
wall panel of claim 13, wherein the first and the second liner
panels are substantially gas impermeable.

15. The method for forming a thermal insulated composite
wall panel of claim 12, wherein the first liner panel is formed
from a same construction as the second liner panel.
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